The physico-chemical properties of honey produced by the stingless bee Melipona mondury from Atlantic Forest in the state of Bahia, northeastern Brazil were evaluated. The evaluated characteristics included: water content, electrical conductivity, pH, acidity, water activity, ashes, diastase, hydroxymethylfurfural (HMF), reducing sugars and saccharose values. The honey samples showed mean values of 29.18% for moisture; 391.5 μS for electrical conductivity; pH of 4.06; 34.3 meq kg -1 for acidity; 0.73 for water activity; 0.18% for ashes; 4.05 (Goethe unit) for diastase; 1.60% for HMF; 65.42% for reducing sugars; and 2.14% of saccharose. Only the diastase activity was above the limits accepted by the Technical Regulation for Identity and Quality of Honey (Brazilian Ministry of Agriculture and Supplies). Most parameters are according to those reported in honeys from other species of stingless bees in Brazil.
Introduction
Bees' products such as honey, pollen and propolis are consumed by the world population mainly by items of nutritional and medicinal values (Rao et al., 2016 : Yaacob et al., 2017 . The production and consumption of honey from stingless bees has been increasing over the last decades in Brazil. Nonetheless, regulatory agencies prohibit their industrial commercialization because these products have not been properly classified yet. Therefore, studies about the physico-chemical properties of honeys produced by native species of stingless bees are essential to help establish the parameters required for approving their commercialization (Anacleto et al., 2009 ).
Indeed, some of the most important features to be considered in honey quality were established in previous reports (e.g. Vit et al., 1994; Carvalho et al., 2013) . Recently, the Agency of Agropecuary Development and Protection (ADAB) from the state of Bahia in a partnership with the Universidade Federal do Recôncavo Baiano (UFRB) published the Technical Identity Regulation for the honey produced by Melipona stingless bees (ADAB, 2014) . This initiative focused on the main parameters, including physico-chemical characteristics, to be evaluated to prevent frauds and to assure food safety of local population.
The composition of honey depends on the plant sources used by bees as well as other features, such as soil type, bee species, physiological state of colonies, maturation of honey, management conditions, and climate. In Brazil, 192 species of meliponines bees are described (Silveira et al., 2002) , but the representatives of the genus Melipona stand out in relation to honey production. Hence, a national legislation for regulating the quality and characteristics of honeys derived from these native species is justified.
In the state of Bahia, northeastern Brazil, Melipona scutellaris, M. quadrifasciata anthidioides, and M. mondury are the main species exploited for honey. The latter is found in tropical forest areas and, even though, it is widely known by local population, the intensive culture of this species is still incipient and the characteristics of their honey are poorly known (Sousa et al., 2012) .
The main parameters to be evaluated in honey for Apis mellifera quality in Brazil are: water content, color, acidity and values of hydroxymethylfurfural (HMF), reducing sugars and saccharose (Brazil, 2000) . However, analyses of honey samples from several species of meliponines bees revealed that some features are not in agreement with the federal legislation for the identity of honey (Villas-Boas & Malaspina, 2005; Carvalho et al., 2013) . These results point out that physical and chemical traits of honeys from other stingless bees should be investigated to establish their common parameters. Therefore, the goal of this study was to determine some physico-chemical characteristics of honey produced by Melipona mondury in order to increase our knowledge about the honey from stingless bees and to colaborate for the regulatory norms implementation of meliponine honey.
Material and Methods

Honey Samples
Twenty samples of honey were collected during August 2013 in nests of M. mondury raised in a stretch of Atlantic Forest from the municipality of Jequié (UTM 0407600/8474112). The main vegetation is Dense Ombrophilous Forest, integrating the "cabruca" (cocoa plantation) system from the Coast of Cocoa. The local climate ranges from humid to sub-humid, with a rainy season (starting in April) and a relatively dry season (January to March). The annual rainfall during the rainy season might reach up to 110 mm. The mean temperature during the year ranges from 17 °C to 30 °C (SEI, 2007) . A volume of 20 mL of honey was collected from sealed pots using disposable syringes, stored in clean and sterilized glass recipients with hermetical lids, placed in coolers and transported to the laboratory INSECTA from the Center of Agricultural, Environmental and Biological Sciences (CCAAB) at Universidade Federal do Recôncavo da Bahia, in Cruz das Almas, Bahia. The analyzed physico-chemical parameters followed the Official Methods of Analysis of the Association of Official Analytical Chemists (AOAC, 1990) , the Harmonized Methods of the European Honey Commission (Bogdanov et al., 1997) and the Codex Alimentarius Commission (CAC, 2001) . These methodologies are also recommended by the Brazilian legislation.
The evaluated parameters were:
Moisture (%)
The water content of honey samples was determined by using a digital refractometer ATAGO specific for analyzing honey (ATAGO Co. Ltd., 1988) . This method is based on the refraction of light rays over honey solution, which contains soluble solids.
Electrical Conductivity
The electrical conductivity was determined using Tecnal conductivity meter (model R-TEC-04P-MP), according to manufacturer's instructions on a solution with 20% of honey dry matter. This analysis is based on the measurement of the electrical resistance, of which the electrical conductivity is the reciprocal.
Ash Values (%)
The ashes were also measured using Tecnal conductivity meter (model R-TEC-04P-MP) adjusted to read ash values. This ash values were established over a solution with 28% of honey dry matter.
pH and Acidity
The pH and acidity values were established based on the neutralization of an acid honey solution by adding sodium hydroxide (AOAC, 1990) . Ten grams of honey were then dissolved in 75 mL of distilled water. The solution was titrated with 0.05 N NaOH up to reaching a pH of 8.5. The milli equivalents of acid per kg of honey were determined according to the following expression:
Freed acidity (meq kg -1 ) = (mL of 0.05 N NaOH -mL of negative control) × 5 (1)
Water Activity
The water activity was determined by suing PAW KIT-Water activity meter, according to manufacturer's instructions.
Diastase Activity
Diastase activity was determined using a buffered solution of soluble starch and honey incubated in a thermostatic bath at 40 °C. The diastase value was calculated using the time taken for the absorbance to reach 0.235, and the results were expressed in Goethe units as the amount (mL) of 1% starch hydrolyzed by an enzyme in 1 g of honey per hour (CAC, 1990) .
Hydroxymethylfurfural (HMF)
The HMF content was determined by UV absorbance at different scales. The absorbance was measured at 284 and 336 nm (AOAC, 1990) .
Reducing Sugars and Saccharose (%) (CAC, 1990)
The amount of reducing sugars and saccharose (%) were determined by titration using Fehling's method modified by Soxhlet, against a solution of reducing sugar in honey.
Statistical Analysis
The honey samples were analyzed in triplicates (N = 3) over the same time period to provide reliable comparative values. The descriptive statistics (mean and standard deviation) of evaluated parameters was estimated using the software BioEstat version 5.0 (Ayres et al., 2007) .
Results and Discussion
The physico-chemical values observed in 20 honey samples of M. mondury from the state of Bahia, northeastern Brazil, are shown in Table 1 .
Moisture
In general, the water content is the most evaluated parameter in honey analysis, being considered a key feature to differentiate the honey of stingless bees (Melipona) from that produced by Apis mellifera. The mean moisture in honeys of M. mondury was 29.18±1%, ranging from 27.8 to 30.5%. These values are similar to those reported in other meliponines, particularly in Melipona species Anacleto et al., 2009; Lage et al., 2012) .
It should be pointed out that the water content in honeys of Melipona is similar even when species that inhabit rainforests are compared to those typical of caatinga (semiarid) The moisture affects several other parameters in honeys (acidity, viscosity, pH, conductivity, and concentration of sugars), but the main effect refers to proliferation of microorganisms in honey when water content is high (Costa et al., 1999; Massaguer, 2005) . Moreover, the stability of honeys from stingless bees against fermentation might be influenced by the high antibacterial activity observed in honeys produced by Melipona (Cortopassi-Laurino & Gelli, 1991; Vit et al., 1994) . This feature assures that these bees are able to produce and store honey without contamination of final product.
Indeed, the moisture has been regarded as the main issue to regulate the production and consumption of Melipona honeys since the Brazilian regulation (MAPA) establishes that the water content in honey from Apis mellifera should not exceed 20% (Brasil, 2000) . Note. X = Mean; A = Amplitude.
In this sense, the studies carried out by Carvalho et al. (2013) supported the new regulation officially published by ADAB (2014) which established a limit of 20-30% of moisture in honey produced by Melipona for the state of Bahia inasmuch as the product is stored at cool temperature from collection to commercialization. Recently Resolution SAA-52/14, of 3-10-2017 of the Government of São Paulo approved the commercialization of matured honey with a maximum moisture content of 40 (Diario Oficial, 2017) . This regulation favored the market of honeys from stingless bees and provided a new concept of honey identity.
Electrical Conductivity
This parameter is correlated to the ash values, pH, acidity, mineral salts, proteins and other substances found in honey (Bogdanov, 1999) . The ashes increase the conductivity of honeys because of the presence of conducting salts (Alencar- Chaves et al., 2012) . Most honey samples from Melipona have a pale color and high electrical conductivity.
Electrical conductivity in samples of honeys from meliponines ranged from 255.0 to 905.7 μS cm -1 ). This feature is not referenced by the current Brazilian legislation but the highest value allowed by the international Codex Alimentarius (2001) . In honey samples of M. scutellaris, the electrical conductivity varied between 534.32 μS cm -1 and 586.20 μS cm -1 (Campos et al., 2010) .
The conductivity reported in Melipona species by Alves et al. (2011) ranged from 120.0 to 449.5 μS cm -1 . In some cases, low electrical conductivity is reported as in honey samples of M. fulva (mean value of 34.453 μS cm -1 ). Nonetheless, this finding can be affect by improper incineration of samples that eventually results in increases/decreases of water content or dry matter, influencing thereby the measurement of electrical conductivity (Alencar- Chaves et al., 2012) .
Ash Values
Considered an important trait for the technical regulation of honey (Brasil, 2000) , the ash values are directly related to the quality control of honeys . For meliponines, the maximum ash value allowed in honey equals 0.6 g/100 g of ashes (Brasil, 2000; ADAB, 2014) . legislation of MAPA (Brasil, 2000) . In the case of M. mondury, the values of 0.185±0.069% in ashes are according to the quality parameters of honeys from Apis mellifera. (2002), and Ortiz-Valbuena (1988) correlate the concentration of minerals in honeys to their color, e.g., paler honeys usually present low ash values. Accordingly, Chaves et al. (2012) reported that honey samples of Melipona should have reduced amounts of ashes since they are distinguished from other honeys by their clear coloration.
Several authors such as Almeida
pH and Acidity
This parameter has been under debate since the honey of meliponines presents higher acidity than those produced by A. mellifera, what affects directly the taste and thereby the preference of consumers for honeys from stingless bees (Evangelista-Rodrigues et al., 2003; Vit et al., 2004) . The acidity is influenced by the variation in organic acids from distinct nectar sources as well as by the activity of glucose-oxidase enzyme that produces the gluconic acidor the bacterial activity during honey maturation and amount of minerals in honeys (Bogdanov et al., 1997; Vit et al., 2004) . The acidity is also related to the level of honey maturation, being higher as fermentation takes place (Vit et al., 2004) .
The acidity value observed in the honey of M. mondury was 34.3±3 meq kg -1 (Table 1) , being within the limits (≤ 50 meq kg ) established by the legislation of MAPA (Brasil, 2000) . For other three species of Melipona, Alves et al. (2011) reported honey acidity of 26.63%, 20.55%, and 145.28%. Similar values were reported for other authors in honeys of Melipona species (Bogdanov et al., 1996; Souza et al., 2004; Alves et al., 2005; Mesquita et al., 2007; Campos et al., 2010; Holanda et al., 2012; Lage et al., 2012) .
The pH values are used to estimate or confirm the acidity in food (Freitas et al., 2010) . In this sense, the pH of Melipona honeys is very similar to those produced by A. mellifera (Brasil, 2002) . In general, all honey samples present low pH because of the presence of organic and inorganic acids (Simal & Huidobro, 1984) . Other features are also important such as the amount of calcium, sodium, potassium and other compounds of ashes (Seeman and Neira, 1988) , what might explain the high values observed in some honey samples.
The pH values in honeys of Melipona range from 3.15 to 4.61 (Souza et al., 2004; Alves et al., 2005; Mesquita et al., 2007; Dardón & Enríquez, 2008; Holanda et al., 2012; Lage et al., 2012; . Therefore, the pH of 4.06±0.05 (Table 1 ) observed in the honey of M. mondury are compatible with the mean pH reported in honeys of congeneric species.
Water Activity (Wa)
The water is the main component of several food sources, can affect their biochemical stability (Gleiter et al., 2006) . The analysis of water activity (Wa) is recommended to evaluate the safety of food products in relation to the growth of undesirable microorganisms, definition of risks in food intake, control of critical points and for the regulation of preserved food and labeling (Scott et al., 2001 ).
Water activity values of 0.61-0.62 hinder the growth of osmo tolerating yeasts in honey (Zamora & Chirife, 2006) . In honey samples of meliponines, Wa values between 0.662 and 0.851 have been reported (Vit et al., 2006; Almeida-Muradian et al., 2007; Souza et al., 2009 ).
The Wa in honey samples of M. mondury presented a mean value of 0.737±0.04, being above the threshold established to avoid microorganism proliferation. In spite of these high values, several features in honeys are able to prevent contamination (low pH, high acidity, presence of glucose oxidase, among others) (Roubik, 1992) . In the case of meliponines, the pots in which the bees store the honeys can provide additional support against microorganisms since they are composed of wax and propolis. The latter is recognized by the presence of antimicrobial agents that prevent fermentation (Michener, 1974; Roubik, 1983) .
Diastase Activity
The diastase is an enzyme that digests starch. However, the origin of this enzyme is controversial and nowadays, the most accepted hypothesis is that diastase derives from salivary glands once diastase was found in honeys of bees fed with sugar and the diastase of bees was highly similar to that observed in honey. On the other hand, Gonnet et al. (1964) observed regular invertase but no diastase activity in honeys of Melipona.
Most reports available for diastase activity refer to honeys of A. mellifera, while the few studies in honey samples of Melipona have reported low activity of this enzyme (Vit et al., 1994) , thus restraining the discussion about the origin of diastase. Despite of some divergence among authors, the reduced diastase activity should be considered a general rule in honeys of Melipona . Therefore, this parameter could rather be jas.ccsenet.org Journal of Agricultural Science Vol. 10, No. 7; 2018 201 used as a marker for the identification of Melipona honeys instead of being considered a quality trait. To confirm this suggestion, further studies about diastase activity should be performed in honeys of stingless bees.
This enzyme is important to evaluate the quality of honeys because of their high sensitivity to heat . However, the remarkable variation in diastase activity reported by White Júnior (1979) in fresh honey samples of A. mellifera raised some questions if this enzyme would be useful to qualify honeys (Stefanini, 1984) . The quantitative discrepancies in this enzyme of honeys obtained from distinct flowers suggest that substances present in nectar or honey might affect the diastase activity.
The mean diastase activity observed in honeys of M. mondury was 4.05±0.915 Goethe units (Table 1) . Nonetheless, some samples presented high values as 11.54 and 8.33 when compared to honeys of other congeneric bees. Probably, these results are related to accidental feeding with honey of A. mellifera within some colonies of M. mondury, since they were near apiaries whose honeys are known to present higher diastase activity.
Honeys of Melipona usually present low contents of diastase. Studies indicate a variation from 0.60 to 3.01 for honey of Melipona (Vit et al., 1998; Dardón & Enríquez, 2008; Bogdanov, 2006; Guerrini et al., 2009; Carvalho et al., 2009; Holanda et al., 2012) . Recently, mean values of 15.63 were obtained for Acre meliponas, considered non-standard for the genus (Do Vale et al., 2017) .
Hydroxymethylfurfural (HMF)
Honeys of meliponines are characterized by lower content of sugar and by the prevalence of fructose (Oliveira et al., 2006) . This sugar is the main responsible for the production of HMF in association with acids and high temperatures (White Junior, 1976) . Acidity, pH, water content and amount of mineral also play a role in the production of HMF (White Junior, 1979) . Usually, fresh honey samples exhibit low rates of HMF. Otherwise, high values of this parameter indicate poor nutritional value of honeys (Veríssimo, 1988) . Under the same temperature conditions, the honeys of A. mellifera present higher amounts of HMF than honeys of stingless bees, what indicates that short heating treatments do not interfere in the HMF content of honey samples of meliponines (Biluca et al., 2014) .
The average content of HMF in honeys of M. mondury was 1.60±1.06 mg kg -1
. High values in HMF have been reported for other Melipona species (Almeida, 2002; Dardón & Enríquez, 2008; Souza et al., 2009; Alves et al., 2011) . One key feature that influences the variation in HMF values is the management (collection, storage, and transportation) of honeys up to laboratorial analysis. Prior to laboratorial analyses, the honey from Melipona should be removed from pots and kept immediately under refrigeration, once the association of high temperature and high humidity levels might result in their fermentation and to the formation og HMF, regarded as an important aspect to the evaluation of honey quality according to MAPA. Then, in tropical regions, the honey samples should be refrigerated right after their removal from nests up to analyses in order to avoid the increasing of HMF due to honey fermentation.
Reducing Sugars
Honey is a natural product characterized by variation in sugar composition, which includes more than 20 disaccharides and polysaccharides besides the monosaccharides glucose and fructose (Doner, 1977) . The sugar profile of honeys produced by Melipona is similar to A. mellifera, e.g., they are poor in oligosaccharides. Even though the sugar composition in honeys of Melipona and Trigona differ from each other, the content of reducing sugars is similar to both genera (Vit et al., 1994) .
The sugar composition in honeys depends on the plant sources and the activity of enzymes produced by bees. In the case of honeys of meliponines, the sugar content is low and fructose is the main sugar component, being responsible for their sweetness and hygroscopicity (Bogdanov et al., 1997) . The effectiveness of using the content of reducing sugars to determine the entomological origin of honeys by stingless bees was evaluated by Vit et al. (1998) .
In the present study, the mean concentration of reducing sugar in honeys of M. mondury was 65.42±1.89%. The mean values of reducing sugars in honeys from other species range from de 50.13%, to 74.82% (Souza et al., 2004; Alves et al., 2005; Mesquita et al., 2007; Campos et al., 2010; Alves et al., 2011; Holanda et al., 2012; .
Reducing Sugars and Saccharose
Usually, the saccharose content in honeys varies from 2 to 3% while this parameter ranges from 1.7 to 4.7% in honey samples of Melipona (Souza et al., 2006) . Higher values of saccharose indicate immature or adulterated jas.ccsenet.org Journal of Agricultural Science Vol. 10, No. 7; honeys . The adulteration of honeys can be caused by adding other substances or by improper management such as feeding the bees with commercial sugar and removal of honeys from nests.
The honey samples of M. mondury presented a mean value of 2.14±0.98% in saccharose (Table 1) , being within the limits reported by Souza et al. (2006) . Similar values were obtained by other authors (Bogdanov et al., 1996; Souza et al., 2004; Alves et al., 2005; Mesquita et al., 2007; Dardón & Enríquez, 2008; Alves et al., 2011; Holanda et al., 2012) .
The content reported of saccharose in honeys of Melipona ranged from 0.60% to 5.6% (Vit et al., 1998) . Nonetheless, higher values were reported by and Campos et al. (2010) . These differences in saccharose content among honey samples and species are related to both intrinsic (e.g. flower sources) and extrinsic features of nectar, like location and climate.
Conclusions
The knowledge about the physico-chemical parameters of honey from stingless bees is still limited because of the high species richness and diversity of biomes in which they occur. This study is the first report about the honey from Melipona mondury and will contribute to the establishment of physico-chemical parameters in honey from bee species of the Atlantic Forest.
